We have used interleukin (IL)-4 and -10-producing HSV-1 ␥ 1 34.5 deletion viruses in gene therapy of a BALB/c model of experimental allergic encephalomyelitis (EAE), a T cellmediated demyelinating disease of the central nervous system. It is known that in EAE of mice the Th2-type cytokines are down-regulated and the Th1-type cytokines up-regulated during the onset and relapse of the disease. Therefore, we tested two HSV-1 recombinants expressing the Th2-type cytokines IL-4 and IL-10. The recombinant viruses were injected intracranially (i.c.) in BALB/c mice 6 days after induction of EAE. As control groups we used mice without
Introduction
Experimental allergic encephalomyelitis (EAE) is an animal model for human multiple sclerosis (MS). 1 It is a T cell-mediated demyelinating disease of the central nervous system (CNS). 2 There is strong evidence for a disease-promoting role of certain cytokines, such as IFN-␥, TNF-␣ and TNF-␤ (Th1 type) while IL-10 and TGF-␤ (Th2 type) may limit the disease. [3] [4] [5] [6] [7] [8] Similar changes in the Th1/Th2 balance have also been observed in cerebrospinal fluid samples of MS patients. 9 The critical role especially of IL-4 has been suggested in recovery from EAE. 10 The mechanisms underlying the impact of IL-4 on EAE have been ascribed to the IL-12 suppression. 8 IL-12 has been shown to have a significant role in the pathogenesis of autoimmune demyelination. 11 In gene therapy of EAE different methods of cytokine or cytokine antibody delivery have already been studied. [12] [13] [14] [15] [16] The inhibition of Th1-type signaling or stimulation of Th2-type cytokine expression has been the key in inhibition or amelioration of disease symptoms. The route of delivery and length of expression are key ques-any infection, mice infected with backbone virus R3659 and mock-infected mice. Weights and symptoms of the mice were recorded daily and the tissue specimens were collected at specific time-points. The results indicate that the intracranial infection with IL-4-producing virus (1) precludes EAE symptoms, (2) protects the spinal cord from massive leukocyte infiltrations and (3) prevents demyelination and axonal loss. The IL-10-expressing virus R8308 did not have a similar favorable effect on the recovery of the mice as did the IL-4 virus R8306. Gene Therapy (2001) 8, 769-777.
tions when planning gene therapy for a CNS disease. Administration of cytokine proteins intranasally requires daily administration.
14 Intramuscular plasmid injections 15 and cytokine antibody injections 16 require several administrations to prevent development of EAE. On the other hand, viral vectors often require only one time-point delivery. However, there are several different virus vector types with their own particular properties. HSV-based vectors have the ability to infect neurons, to infect the target for a lifetime, to remain latent and to express latency-associated genes. 17 The genome of the virus is not integrated into the genome of the infected cell, and large parts of the viral genome can be changed or deleted for safe gene delivery purposes. 18 The virus is not recognized by the immune system during latency and the latently infected cells may remain undamaged. 19 Therefore, there is ongoing interest to develop HSV vectors further for expression of inserted genes during latency. 20 The ability of wild-type HSV-1 to cause a cytopathic effect in infected cells has been one of the problems with HSVbased vectors. In the vectors used in this study, the neurovirulence gene ␥ 1 34.5 has been deleted and replaced by a cytokine-encoding gene. 21 HSV vectors with the deletion of the ␥ 1 34.5 gene have proved safe in phase I studies on therapy of brain tumors. 22, 23 We have studied the effect of intracranially delivered HSV vectors encoding immunosuppressive cytokines on the disease course of EAE. We have chosen the replication-competent cytokine-expressing vectors R8306 and R8308 21 for expression of the murine interleukins 4 and 10, respectively.
Results

Clinical course of EAE
The main objective of this study was to examine the effect of intracranial (i.c.) infections of recombinant Th2-type cytokine-expressing HSV vectors to the disease course of EAE. The experiment included five different groups of mice, all with EAE induction: (1) no treatment, (2) PBS/glucose injection, (3) infection with IL-4-expressing virus R8306, (4) infection with IL-10-expressing virus R8308 and (5) infection with empty backbone virus vector R3659. The mice were followed daily for scoring of the EAE disease grade. The mice that did not receive infection developed the expected signs of BALB/c EAE by day 15 ( Figure 1 ). Mortality in this group was 11% (Table 1) , while in other groups there were no deaths due to EAE. The EAE disease peak in the untreated group was observed on days 15-20 after EAE induction ( Figure 1 ). The IL-4 virus infected EAE-induced mice did not develop typical EAE (disease score у2) at all ( Figure 1 ). The disease incidence (score у2) on day 18 varied in mouse groups between 0% in the EAE/IL-4 virus group and 100% in the EAE/IL-10 virus group. The EAE/PBS group developed normal EAE with typical hind limb paralysis. The average disease grade of these mice was even higher than that of the EAE/no virus group during the EAE peak period (days [15] [16] [17] [18] [19] [20] . The mice in the EAE/IL-10 virus group developed typical EAE signs earlier than in other groups but their average disease grade stabilized around grade 2 (tail atonia). The group with the backbone virus R3659 infection did not develop the typical hind limb paralysis and moribund state of EAE but their average grade stabilized at 1.5 (between fur ruffling and tail atonia). There were more unexplained deaths in this group than in others. The volume of injection (10 l) was probably not the cause of the deaths, because three times larger volumes have been used without any consequences. 24 The main result of the clinical EAE scoring was that the IL-4 virus infected mice did not develop signs of EAE (disease score у2, Table 1 ) except for one mouse that developed hind limb paralysis. The mean day of EAE onset (grade Ͼ1) was day 11 for all groups except for the EAE/IL-10 virus group (day 10).
Figure 1 Interleukin (IL)-4 expressing herpes simplex virus
Overall mortality varied between 0 and 22% ( Table 1) . Only in the EAE/no virus group were there deaths due to EAE symptoms. Those deaths were seen on days 13 and 20 after EAE induction after exacerbation of EAE symptoms. In virus infected mice there were one sudden death on day 12 in the EAE/IL-10 virus group, one sudden death on each of days 9 and 10 in the EAE/IL-4 virus group and three sudden deaths in the EAE/backbone virus group on days 10, 11 and 17. One mouse died during the intracranial infection procedure in the EAE/backbone virus group.
The statistical analysis by Mann-Whitney U test confirmed that the IL-4 group differed statistically in clinical status from all the other groups beginning at least on day 15 (P р 0.045) and from the backbone virus group on days 16-21 (P р 0.010). The backbone virus alone gave a statistically significant effect when compared with PBS/glucose injection during days 15-21 (P р 0.025) and during days 16-19 when compared with EAE/no virus (P р 0.046). The EAE/no virus and the EAE/PBS groups did not differ significantly during days 9-21.
Virus culture
Brain samples taken from the infection site were cultured on VERO cells. The results are summarized in Table 2 . There were only seven positive virus cultures of all studied brain samples. Five of them were in the EAE/IL-10 virus group, one in the EAE/IL-4 virus group and one in EAE/backbone virus group. All positive virus cultures were grown to 100% cytopathic effect and the viral DNA was collected and studied further. These viral DNAs gave the expected pattern in Southern blot analysis after NcoI restriction enzyme digestion and hybridization with the labeled 1.8 kb NcoI subfragment of the BamHI S fragment. 25, 26 The inserts in the viral DNAs were also verified with the insert-specific PCR and hybridization with specific oligonucleotide probes. All virus cultures yielded the expected pattern of the specific virus type. All viruses grown were from the time-point 10 days after EAE induction (4 days post infection, d.p.i.). None of the samples taken at later time-points resulted in replicative viral growth in VERO cell culture.
Viral PCR
Brain samples were analyzed for viral DNA with the HSV-1 gD-specific primers using conventional PCR. In the virus infected groups all the studied samples were positive on day 10 post-EAE induction (4 d.p.i.), but none of the EAE/no virus or EAE/PBS mice contained HSV-1 DNA at any time-point (Table 3) . On day 21 only four of six mice were positive in the EAE/IL-10 virus group and three in the EAE/ IL-4 virus group. In contrast, all backbone virus infected mice were still PCR positive on day 21 after EAE induction.
Microscopical analysis of the central nervous system samples Hematoxylin-eosin staining showed that the peak of inflammatory cell infiltration in brain tissue was seen on day 14 after EAE induction ( Figures 2 and 3 , panels b). The most severe inflammation was noted in the PBS/glucose injected group and the least in the EAE/no virus group. All the virus infected groups had similar degrees of inflammation in the brain. On day 21 the EAE/IL-10 virus group had the highest inflammation score, which showed a statistically significant difference to the EAE/no virus group (P = 0.011). The inflammatory influx in the brain was due to the experimental protocol of the intracranial injections and not due to the function of the viruses in the brain, as judged from the inflammation of the EAE/PBS glucose group (Figure 2 , panel b). The inflammation in the brain due to EAE was hidden under the greater inflammatory influx due to injection. The spinal cord, which is the primary site of nervous system damage in EAE, showed somewhat different results ( Figure 2 , panel a). The inflammation peaked on day 14 for the EAE/no virus, EAE IL-10 virus and EAE/backbone virus groups. However, in the EAE/IL-4 virus group the inflammation grade was decreased on day 14 and the inflammatory cells were totally cleared by day 21 (Figure 4b ). In the EAE/PBS, EAE/no virus and EAE/IL-10 virus groups the inflammatory infiltration was not cleared on day 21, but remained high. Statistical analysis of infiltration grades showed a significant difference between the EAE/IL-4 virus group and the EAE/IL-10 virus group (P = 0.008) as well as the EAE/PBS glucose group (P = 0.014). Also, backbone virus induced decreased inflammation on day 21 and showed a statistically significant difference to the same groups as the EAE/IL-4 virus group with P values of 0.010 and 0.014, respectively. In assessment of EAE, we would concentrate on the data of spinal cord due to the unaffected nature of this tissue, because the brains were punctured with the needle. Hematoxylin-eosin staining also revealed differences in localization of the infiltrated cells both in brain and especially in spinal cord in different treatment groups ( Figure 5 ). The virus infected brains showed more massive infiltrations than groups with no virus. Both in EAE/no virus and in EAE/PBS glucose groups the parenchymal infiltration of the spinal cord was seen ( Figure  5a ). In the IL-10 virus infected mice, the infiltrating cells formed small foci on the edge of the spinal cord stroma (Figure 5b ). In the EAE/backbone virus group only a few inflammatory cells were seen in the spinal cord tissue (Figure 5d ). In the EAE/IL-4 virus group no infiltrating cells were seen in the spinal cord, only in the subarachnoid space (Figure 5c ).
Immunohistochemical staining of the viral proteins showed that they were not found in control groups, only HSV vector infected mice showed positive staining (Figure 3e ). On day 21 after EAE induction the viral protein load in brain sections had diminished in comparison to the earlier time-points. The viral RNA production was verified by in situ hybridization to the same sites as the viral protein expression (Figure 3f ).
IL-4 expression was verified in tissues by IL-4 mRNA in situ hybridization. Expression was highest on days 10 and 21 in the EAE/IL-4 virus group (Figure 3c and d) . The expression level of IL-4 was elevated in the IL-10 virus group after day 10 and it remained relatively high thereafter (data not shown). In backbone virus (R3659) infected mice IL-4 expression was seen on day 14 (data not shown). In the EAE/no virus group IL-4 expression remained at the background level throughout the experi- ment. IL-4 expression was located mainly in the infiltrated cells (Figure 3c and d) . We could not detect virus infected cells positive for IL-4 mRNA in the adjacent sections. In the spinal cord, the IL-4 and IL-10 expression was relatively weak and was mainly observed on days 14 and 21 after induction ( Figure 6 ). Temporary IFN-␥ expression was observed on day 10 after induction in all animal groups.
Demyelination was detected by immunohistochemistry for myelin basic protein in spinal cords. Treatment with the IL-4-producing virus prevented demyelination in mice (Figure 4a and b) . In EAE/no virus mice marked demyelination was detected (Figure 4c, d and f) . Immunohistochemical detection of the neurofilament protein showed that in the IL-4 virus-treated mice no axonal loss
Figure 4 IL-4 virus (R8306) treatment prevents demyelination and axonal loss in the BALB/c mouse model of EAE. Panels a and b show the normally appearing spinal cord white matter of an IL-4 virus-treated mouse, as demonstrated by immunohistochemical detection of myelin basic protein. The posterior column (arrow), shown in higher magnification in (b), shows no destruction of myelin. Panel c shows the spinal cord of an untreated EAE mouse with focal loss of myelin (arrows). The area marked with the thick arrow and shown in higher mangification in panel d, shows myelin destruction (arrows). Another untreated EAE animal at the same time-point (21 days after EAE induction) shows a distinct area of demyelination (f, star). Panel e shows loss of axons at the periphery of the white matter in an untreated EAE mouse by immunohistochemical detection of neurofilament protein. The area indicated by an arrow is shown in higher magnification in (g) and shows a marked loss of axons (stars) as compared with the underlying white matter (between the white arrows). The scale bar represents 1000 m in panels a, c and e, 165 m in b, d and g, and 100 m in f.
was present. In contrast, the untreated EAE mice showed a marked loss of axons (Figure 4e and g) .
Discussion
These results demonstrate that local expression of IL-4 from a replicative herpes simplex virus vector precludes signs of EAE. Since only this viral vector inhibited the development of EAE symptoms, the effect is due to the heterologous IL-4 expression in the central nervous system. These results also confirm the different roles of different Th2-type cytokines or cytokines expressed during Gene Therapy the recovery phase of EAE. Although IL-10 has been shown to be connected to the recovery phase of disease development in EAE, 27, 28 its local expression from an HSV vector did not have the disease-abolishing effect as did the expression of IL-4.
Figure 5 The hematoxylin-eosin staining of the spinal cords from EAE and different treatment groups showing the localization of the inflammation on days 14-21 after EAE induction. Panel a shows the spinal cord of an untreated EAE mouse. There are numerous inflammatory cells in the spinal cord white matter (single arrows) and in the perivascular area (double arrows). In the IL-10 virus infected mice, focal inflammation is seen in the spinal cord white matter (b, arrows). In the IL-4 virus infected mice (c) the inflammatory cells are present only in the subarachnoid space (single arrows) and in the perivascular area (Virchow-Robin space; double arrows). No inflammatory infiltrations are seen in the spinal cord tissue as seen in panels a and b. The backbone virus R3659 infection induced very mild inflammation in the subpial white matter (d, arrow) and only a few inflammatory cells are seen in the perivascular area (double arrows
The backbone virus R3659 infection ameliorated the [29] [30] [31] We will continue studies on the cytokine response to HSV vectors.
Figure 6 In situ hybridization of the cytokines IL-10 (left) and IL-4 (right) in the spinal cords of IL-10 R8308 virus infected (a and b), IL-4 R8306 virus infected (c and d) and backbone R3659 virus infected (e and f) EAE mice. In panel a there are a few IL-10 mRNA-positive cells (arrow) in the lateral column of an IL-10 virus infected EAE mouse on day 21 after EAE induction. In this same mouse the inflammatory cells in the anterior subarachnoid space are IL-4 mRNA positive (b). Panel c shows several IL-10 mRNA-positive cells (arrows) in the lateral column of an IL-4 virus infected mouse on day 14 after EAE induction. In the same mouse the inflammatory cells in the posterior subarachnoid space are IL-4 mRNA positive (d). There are a few positively stained cells also in the spinal cord tissue. Panel e shows a small focus of IL-10 mRNA-positive cells in the posterior horn of a backbone virus infected mouse on day 21 after induction. The subpial inflammatory cells in the white matter beside the posterior horn are IL-4 mRNA positive (f, longer arrows). A few IL-4-positive cells are seen in the parenchyma as well (f, short arrows
Herpes simplex virus-based vectors have recently been used in different model systems for treatment of nervous system tumors, 17 even in human phase I studies. 22, 23 The negative factor of using these vectors has been the toxicity of the vector to the infected cell. The non-replicative vectors are mainly regulatory immediate-early gene deletion mutants. The main difficulty with non-replicative herpes virus vectors is the low expression level of the transgene inasmuch as the transcription of the viral genome is impaired. The ICP34.5-deleted viruses used in this study retain at least some degree of replication competence after inoculation into the CNS as seen in the in situ hybridization of active ␣TIF (VP16) RNA production 8 days after infection (day 14 after EAE induction, Figure 3f ).
Using the current HSV vectors, intracranial infection with the vectors to treat CNS diseases seems to be effective. There is evidence that, for example, subarachnoid administration of replication-defective HSV vectors expressing IL-4 is beneficial for EAE therapy, 12 although it resulted in milder amelioration of disease symptoms than our results with the replication-competent virus R8306. The EAE models were also slightly different in severity and therefore not directly comparable. 12, 32 The advantages of i.c. infection are that the virus is delivered directly to the preferred site of expression and the virus begins to produce Th2-type cytokines in the microenvironment of neurons, T and B cells, macrophages, glial cells and astrocytes that are all involved in the process of developing EAE. The effect of cytokines is always a short-distance conversation between all secreted cytokines and different reacting cell types in close contact to each other. The mechanism of IL-4 as an EAE-preventive cytokine in this study is most likely the overall change from a Th1-type immunostimulatory state towards a Th2-type immunosuppressive and protective state. The suppression of IL-12 function might be one of the key steps in this process, as previously suggested. 8, 33 We did not gain disease ameliorating results by injecting the mouse IL-4 protein into the CNS of these mice, a finding which has also been confirmed by others. 24 This might be due to the short half-life of cytokines in vivo. The difficulties in local protein administration and loss of beneficial effects support the use of cytokine-producing viral vectors.
It has also been suggested that IL-10 might suppress IL-12 and become a candidate molecule in treating MS. 8 Others have further shown that IL-10 but not IL-4 plays a crucial role in the progression and recovery of MOGinduced EAE. 28 However, our results do not agree with these statements. Moreover, in an experiment where we administered IL-10-expressing virus at a later time-point (day 12 after EAE induction) there was no beneficial effect either (data not shown). There are also other reports showing the minimal effect of intracranial mouse IL-10 protein injection at the onset of clinical disease. 24 The difference between the functions of IL-4 and IL-10 is partially elucidated: IL-4 turns the naive CD4-positive T cells to Th2-type cytokine producers and exhibits various effects on the cytokine-expressing cells while IL-10 suppresses the production of Th1-type pro-inflammatory cytokines. It might be more important to turn the naive CD4-positive T lymphocytes to Th2 cytokine expressors than to inhibit the production of pro-inflammatory cytokines. The macrophage-inhibiting role of both cytokines 775 is clearly of great importance with regards to EAE development. The weakness of locally expressed IL-10 might be in the timing. If the lymphocytes are already activated the effect of IL-10 may be minimal, as suggested earlier. 28 One of the interesting features in our study was that demyelination and axonal loss were prevented in the IL-4 virus infected mice (Figure 4) but not in IL-10 virus infected ones. Although IL-10 is a potent immunosuppressant of macrophages, which are mostly responsible for the demyelination process, IL-10 seems not to be efficient enough to stop the degenerative process. The power of IL-4 treatment is in the inhibition of macrophage function and in driving the Th response towards the Th2 type. According to ours and others results 34 gene therapy of neuroimmunological diseases by HSV-based vectors might be the choice of the future. The advantages of this approach are that it overcomes the problems of degradation of orally administered drugs and it yields local expression of a particular molecule after a single injection. Depending on the promoters, long-lasting effects can be obtained. 20 However, there are still a multitude of difficult issues connected with this technique, including the toxicity of vectors and the immune responses generated towards the virus. The excess replication of the virus due to the expression of IL-4 was not detected in this gene therapy experiment, as has been seen by others with another kind of viral vector in a different infection model. 35 All gene therapy vectors developed should be tested in several different model systems, in our case, for example, in chronic relapsingremitting EAE. 36 However, it is extremely important that new techniques are developed and tested, particularly for EAE and MS, which do not have any curative treatment yet.
Materials and methods
Viral vectors
The R3659 virus has a ␥ 1 34.5 gene deletion 37 and was used as a backbone virus for R8306 and R8308. The R8306 virus has an insertion of the mouse IL-4 gene in the deletion of the ␥ 1 34.5 gene and the R8308 has an insertion of the mouse IL-10 at the same locus. 21 All of the viral vectors used were thymidine kinase positive and able to replicate in VERO cells. The viruses were propagated in VERO cells and the stock titers obtained were at the level of 1 × 10 9 p.f.u./ml. Cytokine expressions from the viruses were tested by the measurement of the cytokines in the supernatants of VERO cell cultures (24 h.p.i.) infected with 0.1 p.f.u. per cell of R3659, R8306 and R8308 viruses, respectively. The cytokines were measured with the OptEIA Set for mouse IL-4 and IL-10 (PharMingen, San Diego, CA, USA). IL-10 was produced at the level of 1.5 ng/ml and IL-4 at the level of 0.6 ng/ml of culture supernatant. R3659 and uninfected VERO cells did not produce detectable amounts of cytokines. EAE induction EAE was induced by immunization in both footpads with 50 l of a sonicated emulsion containing 3 mg mouse spinal cord homogenate in Freund's incomplete adjuvant supplemented with 0.2 mg of Mycobacterium tuberculosis (strain H37RA; Difco Laboratories, Detroit, MA, USA) and 0.25 mg of M. butyricum (Difco Laboratories), as described earlier. 38 Mice received 1 g of pertussis toxin (List Biological Laboratories, Campbell, CA, USA) in 100 l PBS (phosphate-buffered saline) in the tail vein at days 1 and 3 after induction. Clinical scores (0, healthy; 1, fur ruffling; 2, tail atonia 3, hind limb paralysis; 4, tetraparalysis or moribund; 5, dead) and weights were recorded daily.
Mice
Treatment of EAE 1 × 10 6 p.f.u. of HSV-1 viral vectors R8306, R8308 and R3659, respectively, were diluted in 10 l of 1% glucose in PBS and inoculated in anesthetized mice in the left parietal lobe with a 30-gauge needle and a Hamilton syringe on day 6 after induction of EAE. The penetration of the needle was standardized to 2 mm. Control mice were inoculated in the same way with 1% glucose in PBS without virus (mock inoculum). In another control group only EAE was induced and no infections were given. All three virus groups and the EAE group without infection each consisted of 18 mice. The mock inoculum group consisted of six mice. The injections were well tolerated by the mice. The injected dose of the virus was chosen based on pilot studies using 1 × 10 6 to 2 × 10 7 p.f.u. per mouse.
Dissection and processing of tissues
Six randomly chosen mice from each group were killed under CO 2 anaesthesia at 10, 14 and 21 days after EAE induction. Mice in the control group with mock inoculum were killed at days 14 (two mice) and 21 (four mice). Mice were perfused via the left chamber of the heart under anaesthesia with 30 ml of sterile PBS. Samples from the left hemisphere of the brain were taken for virus culture and PCR. Spinal cord and the rest of the brain were fixed in 4% phosphate-buffered formaldehyde. Serial 5 m sections were cut and transferred onto glass microscope slides precoated with organosilicone. 39 
Viral culture
The brain samples taken from the site of the infection were homogenized and cultured on VERO cells in 25 cm 2 cell culture dishes in the presence of 5% FCS, gentamycin, fungizone and Hepes in DMEM (Gibco BRL, Grand Island, NY, USA). The cultures were examined daily under a light microscope for viral plaques. The cells were collected and viral cytoplasmic DNA was digested with NcoI restriction enzyme for verification of the correct inserts. The electrophoretically separated DNA bands were transferred to a Zeta Probe membrane (Bio-Rad, Hercules, CA, USA) and hybridized with specific digoxigenin-labeled cytokine oligonucleotide probes or the corresponding plasmid probe pRB4794 25 detecting the flanking sequences in the ␥ 1 34.5 gene. Hybrids were detected using an alkaline phosphatase-conjugated antidigoxigenin antibody (Roche, Mannheim, Germany) and exposed with the chemiluminescence reagent CSPD (Roche). A sample of the viral DNA was analyzed with the HSV-1 gD PCR. 40 
Neuropathological examinations
The inflammatory infiltrates in the central nervous system (CNS) were scored (0, no infiltration, 1, perivascular infiltration, 2, perivascular inflammatory cuffs, 3, inflammation of the whole brain or spinal cord tissue) from the hematoxylin and eosin stained sections. The immunohistochemical staining of the HSV-1 antigens was done in a TechMate 500 automate (Dako, Glostrup, Denmark) using 1:100 dilution of the rabbit polyclonal HSV-1 antibody (BioGenex, San Ramon, CA, USA). The spinal cord sections were stained immunohistochemically in a dilution of 1:12 500 of primary antibody for the expression of the myelin basic protein (MBP) 41 and in a dilution of 1:400 of primary antibody (Euro-Diagnostica, Malmö , Sweden) for the neurofilament protein. RNA in situ hybridizations for mouse IL-4 and viral RNA transcripts were done as described earlier. 42 All results were evaluated and scored by a qualified neuropathologist.
Viral PCR
Virus-specific PCR was used to verify the correct transgenes in the viral cultures and the brain samples. Viral PCR was also used to study the clearance of the virus from the site of infection. Viral DNA was extracted from brain specimens using a commercial High Pure Viral Nuclei Acid Kit (Roche). Viral DNA was then amplified using HSV-1 gD-, and mIL-4-and mIL-10-specific primers. The PCR test was done as described earlier. 40 PCR products were subjected to electrophoresis on an agarose gel, transferred to a Zeta Probe membrane (Bio-Rad) by Southern blot, hybridized with digoxigenin-labeled-specific oligonucleotide probes and detected with the chemiluminescence detection method as above.
Statistical analysis
Clinical disease scores were compared for the statistically significant difference between mouse groups and different days. We used Statview software (Abacus Concepts, Berkeley, CA, USA) to calculate the Mann-Whitney U test results.
